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Objective: Resident work-hour regulations were instituted to improve patient care during resident training. Al-
though initial data have not shown the intended benefit of limiting resident work hours, concern has developed as
to whether resident operative experience has significantly decreased since instituting the work-hour restrictions.
Methods: Resident operative logs were reviewed for 3 training institutions in the western United States for res-
idents graduating in the years 1999–2007. Residents were divided into pre–work-hour restriction (1999–2002)
and post–work-hour restriction (2003–2007) groups. Thoracic, cardiac, and all combined cases were reviewed
separately for all residents at yearly intervals. Statistical analysis was subsequently conducted.
Results:Atotal of 37 residentswere identified from3different programsover the studyperiod.Thoracic caseswere
lower during the first year of training but increased in the second and third years of training after work-hour restric-
tions (78 vs 42, 65 vs 72, and 102 vs 138; P ¼ .17, P ¼ .59, and P ¼ .11, respectively). Cardiac cases were sub-
stantially lower during each year of training after work-hour restrictions (190 vs 153, 154 vs 108, and 116 vs
76;P¼ 0.15,P<.0001, andP¼ .001, respectively). Overall total cases were also lower over all years of residency
after work-hour restrictions (251 vs 195, 219 vs 187, and 234 vs 214;P¼ .03,P¼ .049, andP¼ .59, respectively).
Conclusions: The overall volume of thoracic surgery cases was not significantly different after the implementa-
tion of the 80-hour work-week restriction. The total number of cardiac cases logged was substantially less during
the same time period, and therefore as a result, the total number of cases performed after the implementation of the
work-hour restrictions was also reduced. Although recent data have not shown an improvement in patient out-
comes after restriction of resident work hours, we speculate that in a time of increasingly complex cases, reduction
in resident case volumes caused by work-hour restrictions and decreasing cardiac cases might lead to inadequate
operative experience.
Evolving Technology Connors et alIn 2003, the Accreditation Council for Graduate Medical
Education implemented the regulation of resident work
hours (Table 1).1 These regulations were developed amid
concerns about resident fatigue and lack of supervision on
medical errors and the possible effects on resident educa-
tion.2,3 Mandatory implementation of these work-hour re-
strictions has necessitated significant modifications in
subspecialty training programs.
A central concept of work-hour restriction is the mainte-
nance of educational opportunities and clinical experiences.
In a surgical training environment, reduction of work hours
can result in fewer operations performed by an individual
resident and reduced or inadequate exposure to the full range
of surgical procedures.4-10 To explore these issues, we ex-
amined the operative experience of 3 university-based train-
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work-hour restriction period with the post–work-hour re-
striction period.
MATERIALS AND METHODS
After obtaining approval from our institutional review board, program
directors from 3 university-based training institutions were selected for par-
ticipation. Operative logs from graduating residents at the University of
Utah Affiliated Hospitals, University of Colorado Affiliated Hospitals,
and Stanford University Affiliated Hospitals were obtained with exclusion
of any individual resident-identifying data. These logs spanned the years
1999–2007 for all residents enrolled in cardiovascular and thoracic training.
Data were organized and grouped by category, which is consistent with the
outlines established by the American Board of Thoracic Surgery for gradu-
ating residents (Table 2).
Residents and their respective cases were then divided into a pre–work-
hour restriction group (1999–2002) and a post–work-hour restriction group
(2003–2007). Thoracic, cardiac, congenital, and all combined cases were re-
viewed separately for residents at yearly intervals, as was the total number of
cases completed during their time in training. Comparisons were made di-
rectly across individual categories, as well as for the entire operative expe-
rience. Statistics were conducted by our department statistician using SPSS
software (version 15.0; SPSS, Inc, Chicago, Ill). Standard descriptive statis-
tics and mixed-model analysis were applied to explore potential differences
in total case volumes and major operation categories.
RESULTS
A total of 37 residents were identified from the training
programs over the study period. Twenty-five of the 37rgery c March 2009
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TAbbreviation and Acronym
ABSITE ¼ American Board of Surgery
In-Training Examination
residents were included in the post–work-hour restriction
group, and the other 12 residents composed the pre–work-
hour group. Some of the data in the early years of the study
were incomplete, and we therefore eliminated any resident
case log with incomplete data. The 2-year program remained
at 2 years and the 3-year programs remained at 3 years
throughout the study period. The number of residents taken
per year did not change during the time of our study for any
of the programs.
Comparison of the average number of cardiac cases com-
pleted during each of the 3 years of training demonstrated
a significant reduction in cases completed during each of
the 3 years of training (Table 3). Comparison of the average
number of thoracic cases over the 3 separate years of training
showed no difference at any year of training between the
pre–work-hour restriction and the post–work-hour restric-
tion groups (Table 4). Comparing the total number of cases
completed at each year in training showed a significantly
decreased operative experience during both the first and
second years, with a trend toward a significantly lower dif-
ference in the third year (Table 5).
Subcategory analysis demonstrated that myocardial re-
vascularization and all other cardiac cases, such as major
vascular cases, were significantly lower in the post–work-
hour implementation group, whereas operations for valvular
heart disease, reoperative cardiac cases, and congenital cases
were trending toward a significant decrease from the pre–
work-hour and post–work-hour implementation groups
(Table 6). Thoracic cases, however, showed a trend in virtu-
ally every subcategory toward an increased number of cases
(Table 7).
DISCUSSION
Resident work-hour restrictions were implemented by the
Accreditation Council for Graduate Medical Education be-
cause of increasing concerns about medical errors, a lack
of resident supervision, and resident fatigue.1,3 Five years
after the implementation of these restrictions, concerns
surrounding the adequate education of residents in training
have arisen.5,7 In surgical subspecialty training a core con-
cept is the development of adequate technical skill through
hands-on operative experience. Residency programs in car-
diothoracic surgery must not only impart didactic knowl-
edge from standard textbooks but also provide enough
time in the operating room to develop the manual dexterity
and decision-making abilities required to perform the neces-
sary operations.The Journal of Thoracic andThis study demonstrates that the overall number of cases
completed by cardiovascular and thoracic residents in the
post–work-hour restriction period is significantly lower
than in the pre–work-hour restriction period. The cardiac ex-
perience has been more significantly affected than the tho-
racic experience. Given the increasing complexity of the
field of cardiothoracic surgery, the effect of this decrease
on resident education and what should be done to ensure res-
idents continue to receive adequate training before entering
practice must be addressed.
Although restricting resident work hours has certainly con-
tributed to the reduction in the number of cases completed,
other variables exist that might account for the overall de-
creased experience for the residents. An overall decrease in
the number of referrals for cardiac surgery at both the national
and local levels has reducedoperative volumes in general. This
is compounded by the increasing number of smaller commu-
nity hospitals performing cardiothoracic surgery outside of
training programs, which are traditionally located at large
tertiary hospitals. Additionally, more complex operations
TABLE 1. Accreditation Council for Graduate Medical Education
regulations as of July 1, 2003
1. Eighty-hour work week averaged over 4 weeks
2. One day in 7 free averaged over 4 weeks
3. Ten-hour time period between all daily duty periods and after in-house
call
4. In-house call no more frequent than every third night averaged over 4
weeks
5. Continuous onsite duty not to exceed 24 hours with up to 6 additional
hours for didactic activities, transfer care of patients, conduct outpatient
clinics, and maintain continuity of medical and surgical care
TABLE 2. Subcategories for major cardiovascular operations
according to American Board of Thoracic Surgery classification
Categories of operations performed
Thoracic
Lung total
Pneumonectomy, lobectomy, segmentectomy
Esophageal operations
Esophageal resections
Other esophagus
Mediastinum and diaphragm
VATS
Cardiac
Congenital heart disease, total
Congenital heart disease, surgeon
Congenital heart disease, first assist
Valvular heart disease
Myocardial revascularization
Pacemaker
Reoperations
Other adult cardiac (eg, aortic dissections)
VATS, Video-assisted thoracoscopic surgery.Cardiovascular Surgery c Volume 137, Number 3 711
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Tand increased scrutiny over outcomesmight reduce opportuni-
ties for residents to perform cases as the surgeon. Work-hour
restrictions and reduced operative experience during general
surgical residency might further delay an individual resident’s
opportunity to attain adequate technical ability during cardio-
thoracic surgical training.
Regardless of the reasons for the decrease in the number
of cases completed, the issue remains as to the effects this
will have on resident training and education. The field of car-
diothoracic surgery has become more complex, with a con-
tinually expanding knowledge base requirement. Increased
technical skill will be mandatory for the more technically
challenging high-risk cases that have become a routine
part of cardiac surgery. With decreased exposure to perio-
perative management and operative cases, concern exists
as to whether residents are adequately prepared to enter clin-
ical practice.
Competency and adequate clinical exposure are difficult
factors to measure. In-service training examination scores
and national board scores are the only objective means
currently available to reflect how an individual resident is
progressing. Several studies examining general surgery
American Board of Surgery In-Training Examination (AB-
SITE) scores since the work-hour reform have produced
mixed results. Barden and colleagues11 found that after re-
ducing work hours from a mean of 100.4 hours per week
to 86.3 hours per week, the average ABSITE scores signif-
icantly increased. de Virglio and associates12 also evaluated
test scores after decreasing on-call schedules from an aver-
age of every 4.8 nights to every 6.4 nights. Despite this
on-call reduction, there was no statistical difference in the
mean ABSITE scores or the first-time pass rate on the Amer-
ican Board of Surgery qualifying and certifying examina-
tions.12 No studies have looked at in-service or board
examination scores specifically for cardiothoracic surgery
residents.
Because work-hour restrictions are currently mandatory,
a solution to this developing problem must be sought to
TABLE 3. Average number of cardiac operations performed during
each year of residency
Before restriction After restriction P value
Cardiac, year 1 190.0 152.9 .15
Cardiac, year 2 153.6 108.2 <.0001
Cardiac, year 3 115.5 74.5 .001
TABLE 4. Average number of thoracic operations performed during
each year of residency
Before restriction After restriction P value
Thoracic, year 1 78.0 42.3 .17
Thoracic, year 2 65.0 71.8 .59
Thoracic, year 3 101.8 139.3 .11712 The Journal of Thoracic and Cardiovascular Suravoid an even further decrease in resident education. One so-
lution is to extend the length of training to accommodate for
the reduction in time spent on a weekly basis. This would
eventually provide an accumulated exposure to operative
cases and clinical medicine but might deter residents from
choosing specialties that already require 7 to 10 years to
complete.13-15
A second possibility is the more widespread development
of a tracked system decreasing the amount of time spent in
general surgical training and increasing the time spent in car-
diothoracic surgical training. This would require significant
revision to general surgical training programs across the
country. Such focused training approaches have already oc-
curred within cardiothoracic training in some programs,
allowing the resident to choose either a cardiac or a thoracic
track. In our studywe found that esophageal resections, other
esophageal operations, and video-assisted thoracoscopic
cases all increased significantly from the pre–work-hour re-
striction period to the post–work-hour restriction period.
The number of pulmonary resections, including pneumonec-
tomy, lobectomy, and segmentectomy, was unchanged. This
can be explained in part by the increased number of residents
who have a dedicated interest in pursuing careers in thoracic
surgery only, thus leading to an increased emphasis in those
fields.
Similar approaches can be found in both congenital heart
and transplantation surgery, in which completion of addi-
tional fellowship years is necessary to achieve various
operative requirements. Another measure might be the
establishment of separate board certifications for these sub-
specialized areas. In the era of an increasing required knowl-
edge base, as well as technically more challenging cases,
TABLE 5. Average number of total cases performed during each year
of residency
Before restriction After restriction P value
Total cases, year 1 251.1 195.2 .03
Total cases, year 2 218.5 187.4 .049
Total cases, year 3 234.6 213.8 .59
TABLE 6. Mean number of cardiac-related cases performed during
all years of residency according to ABTS subcategory
Before
restriction
After
restriction
P
value
Congenital, total 84.8 93.2 .61
Congenital 63.6 49.3 .17
CHD, first assistant 33.4 44.0 .45
Valvular heart disease 87.7 77.8 .45
Myocardial revascularization (CABG) 148.1 110.6 .003
Reoperations 17.2 13.3 .43
Other adult cardiac 115.0 77.8 .09
ABTS, American Board of Thoracic Surgery; CHD, congenital heart disease; CABG,
coronary artery bypass grafting.gery c March 2009
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board requirements might be an important part of the solu-
tion for residents to gain further knowledge and training be-
fore entering practice.
Regardless of the underlying causes of the reduced oper-
ative experience, residents at these 3 programs are not re-
ceiving the same exposure to complex cardiothoracic
operations in the post–work-hour restriction period. Al-
though there have been no studies performed to evaluate res-
ident competency at the completion of their training,
reduction in resident operative experience because of
work-hour restrictions and decreasing cardiac cases might
lead to inadequately trained residents. The field of cardiotho-
racic surgery must be willing to find solutions that will re-
verse this trend and train our residents to perform at the
highest level after completion of residency.
TABLE 7. Mean number of thoracic-related cases performed during
all years of residency according to ABTS subcategory
Before
restriction
After
restriction
P
value
Lung (pneumonectomy,
lobectomy, segmentectomy)
47.1 47.1 .99
Other lung 95.4 120.4 .31
Esophageal operations 15.6 18.5 .27
Esophageal resections 9.5 13.1 .20
VATS 36.9 47.4 .42
ABTS, American Board of Thoracic Surgery; VATS, video-assisted thoracoscopic
surgery.The Journal of Thoracic andReferences
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